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ABSTRACT 
 
 
 
 
The permeability and the selectivity of CH4, CO2, N2, and O2 were 
determined in a polymer membrane prepared from 8% weight ratio PAN powder and 
92% weight ratio of dimethylformamide (DMF) as a solvent, commercially known as 
Polyacrylonitrile (PAN) membrane. Flat sheet membrane with an average thickness 
of 0.025cm was produced manually using casting knife. Permeability test was 
conducted with a permeability/permeation unit where the volumetric flow rates of the 
effluent were measured by a bubble soap flow meter.  This polymer exhibits higher 
permeability of CH4 compare with CO2, N2, and O2. Higher selectivity also achieved 
for CH4 compare with CO2, N2, and O2 under low pressure and high volumetric flow 
rates. On the basis of a best fit of the natural logarithm of permeability versus inlet 
flow rate, PAN membrane should have much higher permeability of CH4 when it is 
applied with higher inlet flow rate under low feed pressure. For this experiment, the 
prepared membrane gave the best permeability and selectivity reading at 0.5bar and 
0.3 liter per minute of flow rate. Pure gas CO2/CH4 separation properties of this 
polymer are comparable with those of some other polymers considered for natural 
gas purification. When exposed to a feed stream with higher pressure, the 
permeability of CO2, N2, and O2 were high indicates the separation process was not 
that successful. Successful separation process was achieved at low feed stream 
pressure and high inlet flow rates.   
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ABSTRAK 
 
 
 
 
Kadar ketertelapan dan kadar pemilihan bagi CH4, CO2, N2, dan O2 telah 
ditentukan dengan mengalirkan ia melalui membran separa telap yang telah 
disediakan daripada 8% nisbah berat serbuk PAN dan 92% nisbah berat larutan 
dimethylformamide (DMF) dengan panggilan komersial membran Polyacrylonitrile 
(PAN).  Kepingan membran dengan ketebalan purata 0.025cm telah disediakan 
secara manual dengan menggunakan pisau lempar. Ujian untuk kadar keterlelapan 
telah dijalankan dengan menggunakan unit kadar keterlelapan dimana aliran gas 
yang keluar disukat dengan menggunakan meter buih sabun. Polimer ini memberi 
kadar keterlelapan yang tinggi untuk CH4 berbanding dengan CO2, N2, dan O2. Kadar 
pemilihan yang tinggi juga dicapai untuk CH4 berbanding dengan CO2, N2, dan O2 
keseluruhannya pada tekanan yang rendah disertai dengan  kadar aliran yang tinggi. 
Daripada ujian yang telah dijalani, graf kadar ketertelapan melawan kadar aliran 
masuk yang terbaik menunjukkan bahawa membran PAN akan mempunyai kadar 
ketertelapan yang lebih tinggi bila dibekalkan dengan kadar aliran masuk yang lebih 
tinggi pada tekanan yang rendah. Daripada eksperimen yang telah dijalankan, 
membran yang telah disediakan memberi kadar ketertelapan dan kadar pemilihan 
yang terbaik pada tekanan 0.5bar dan 0.3 liter per minit kadar aliran. Pada tekanan 
tinggi, kadar ketertelapan untuk CO2, N2, dan O2 menunjukkan jumlah yang tinggi 
dimana ianya membawa maksud bahawa proses penyingkiran CO2 daripada gas asli 
kurang berkesan. Keberkesanan di dalam proses penyingkiran CO2 daripada gas asli 
boleh dicapai pada tekanan aliran masuk yang rendah dan pada kadar aliran yang 
tinggi. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
1.1.1   Natural Gas 
 
 
The annual demand for natural gas has been steadily increasing over the past 
decade and is expected to increase further. Natural gas is combustible mixture 
hydrocarbon gases with colourless, shapeless, and odorless characteristics. Natural 
gas deals with a lot of energy when burned and it is a clean burning together with 
lower level emission of harmful byproduct to air. Natural gas is considered 'dry' 
when it is almost pure methane, having had most of the other commonly associated 
hydrocarbons removed. When other hydrocarbons are present, the natural gas is 
considered 'wet' [1]. Wet gas is a geological term for a mixture of hydrocarbons that 
contain a significant amount of liquid or condensable compounds heavier than 
ethane. These compounds may include propane or butane. Wet gas produced from a 
reservoir will always contain some amounts of water. This is the ground 
water/formation water vapour in equilibrium with the gas under the pressure and 
temperature in the reservoir. It must be emphasized however that the term wet refers 
to the presence of hydrocarbon components which are heavier than ethane and not 
water. It should also be noted that the presence of water is not exclusive to wet gas 
but may be present in each of the other four main types of reservoir in varying 
percentages. 
 
Natural gas is composed of almost purely methane. The composition of 
natural gas can vary widely according to each reservoir. Every reservoir has its own 
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composition of natural gas and it is not all the same for each reservoir. Table 1.1 
below is a chart outlining the typical makeup of natural gas before it is refined.  
 
 
Table 1.1: Typical composition of natural gas in reservoir. 
 
Composition Symbol Percentage (%) 
Methane CH4 70 ~ 90 
Ethane C2H6  
0 ~ 20 Propane C3H8 
Butane C4H10 
Carbon Dioxide CO2 0 ~ 8 
Oxygen O2 0 ~ 0.2 
Nitrogen N2 0 ~ 5 
Hydrogen sulfide H2S 0 ~ 5 
 
 
 
 
Natural gas is a fossil fuel like oil and coal. They are the remains of plants, 
animals and microorganisms that lived millions and millions of years ago. Fossil 
fuels are formed when organic matter which is the remains of plant or animal is 
compressed under the earth at a very high pressure for a very long time [1]. This 
referred to as Thermogenic methane. Thermogenic methane is formed from organic  
particles that are covered in mud and other sediment which are piled on top of the 
organic matter. It puts a great deal of pressure on the organic matter which compress 
it. Compression combined with high temperature under the earth break down the 
carbon bonds in the organic matter. The deeper under the earth’s crust, the higher the 
temperature. At lower temperature, more oil is produced compare to natural gas 
whereas at higher temperature, more natural gas is created. Deeper underground, it is 
usually contain primarily natural gas and in many cases it is pure methane [1].  
 
Natural gas has a low density and once formed it will rise towards the surface 
of the earth through looses, shale type rock and other material. Impermeable rock 
traps the natural gas under the ground and if these formations are large enough, they 
can trap a great deal of natural gas in what is known as reservoir. Most common 
impermeable rock forms a ‘dome’ shape, like and umbrella that catches all of the 
natural gas that is floating to the surface. Natural gas comes from three types of well 
which are oil wells, gas wells, and condensate wells. 
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From the oil wells, natural gas is term as ‘associated gas’ and exist as free gas 
where it exist separately from the oil and exist as dissolve gas where it is dissolve in 
oil. From gas and condensate wells, there is little or no crude oil it is term as ‘non-
associated gas’. In gas well, natural gas exist by itself while from the condensate 
well, free natural gas together with semi liquid hydrocarbon condensate exist. 
Natural gas in the reservoir is typically under pressure which allowing it to escape 
from the reservoir on its own when it is drilled [1].  
 
Natural gas users commonly come from residential areas, commercial, and 
industrial. Raw natural gas drilled from underground from three types of well which 
is oil wells, gas wells, or condensate wells with a lot of impurities that need to be 
remove. Refinery is the process in removing the impurities such as water, other gases 
(CO2, O2, N2, and H2S), sand and other compounds. After refinery process, natural 
gas is transported through a network of pipeline [1].  
 
Natural gas commonly measured in thousand of cubic feet (Mcf), millions of 
cubic feet (MMcf), billion of cubic feet (Bcf), trillion of cubic feet (Tcf), and also as 
source of energy, British thermal unit (Btu). 1Btu equivalent to the energy required 
to heat up 1 pound of water by one degree at normal pressure. For billing purpose to 
residential area, it commonly measured as ‘therms’ which equivalent to 100000Btu 
or over 97 cubic feet of natural gas [1].  
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1.1.2    Acid Gas 
 
 
As we may know, the composition of raw natural gas consists of impurities 
and other hydrocarbons. Main acid gases are hydrogen sulfide and carbon dioxide. 
Hydrogen sulfide removal is term as natural gas sweetening. Acid gas removal is 
very important in safety requirement where it is very high toxicity and for transport 
requirement which to avoid corrosion and crystallization. Each of these impurities 
and other hydrocarbons has its own properties and ways in separating them in order 
to purify the natural gas with almost purely methane.  
 
Carbon dioxide and oxygen is one of the compositions in raw natural gas that 
is also considered as acid gas. It can cause corrosion to the pipeline if they are not 
separated from the natural gas. We need to separate carbon dioxide and oxygen from 
natural gas to prevent these pipelines from corrosion where it can cause leakage in 
pipelines which then need to be replaced with new ones with high purchasing and 
installing cost. Carbon dioxide also can form a weak acid, carbonic acid (H2CO3) in 
water, a relatively slow reaction which also can cause corrosion to the pipeline. 
However, carbon dioxide corrosion rates are greater then the effect of carbonic acid 
alone [3]. While for oxygen, it is considered as a strong oxidant and it can react 
quickly with metal in forming oxide [4].  
 
Nitrogen in a different perspective is also referred as acid gas in natural gas. 
It’s found in small quantities which are less than 2%. This small quantity actually 
does not have any major influence on the gas properties. Large concentration of 
nitrogen at 10% or higher, it have to be separated in order to maintain the calorific 
value of natural gas combustion. With high concentration nitrogen present, the 
calorific value of the natural gas will be lower and hence will give a small amount of 
energy of combustion [5]. 
 
 
 
 
1.1.3    Natural Gas Processing 
 
 
Eventhough that natural gas has a wide range of compositions, the 
composition of gas delivered to consumers is tightly controlled. All natural gas 
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requires treatment to meet the specifications, and approximately 20% requires 
extensive treatment before it can be delivered to the pipeline. Before this, removal of 
acid gas components and water has been achieved by absorption-type processes in 
example the amine and glycol-based systems. However, nowadays, membrane 
processes have been shown to be very effective for performing some of these 
separations, especially for treating small to moderate size gas streams [6]. 
 
Membranes separation process has several advantages over the absorption-
type processes for natural gas treatment [6]; 
 
i. Membrane-based separations are less energy intensive than traditional 
processing methods. 
ii. Glassy, size-selective polymer membranes are more permeable to 
CO2, H2S and water vapor than to CH4 and higher hydrocarbons. 
Thus, the desired methane product is obtained in the high-pressure 
retentate stream without significant loss in pressure, as desired for 
transport through pipelines. 
iii. Membrane units are modular and, hence, flexible with respect to the 
capacity they can handle. Additional membrane units can be easily 
added to handle higher capacities. 
iv. Membrane units are compact and, hence, they can be installed on 
offshore platforms. Thus, natural gas from the well can be processed 
on the platform before being transported. This on-site processing 
capability eliminates the need to use expensive materials of 
construction for the pipelines to carry corrosive gases like CO2 and 
H2S. Also, smaller pipelines can be used because contaminants in the 
stream no longer have to be transported to on-shore processing plants 
for removal, thereby reducing material and pumping costs.  
 
Due to these significant advantages, membranes have generated interest in the 
natural gas processing industry, especially for the removal of CO2. Currently, more 
than 200 membrane plants have been installed to perform this separation  [6]. 
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1.1.4    Polymer Membranes for Acid Gas Removal in Natural Gas 
 
 
As energy costs rise, membrane technology for separating gases is likely to 
play an increasingly important role in reducing the environmental impact and costs 
of industrial processes. Gas separation membranes offer a number of benefits over 
other gas separation technologies where the phase change adds a significant energy 
cost to the separation cost while for membrane gas separation on the other hand, does 
not require a phase change. In addition, gas separation membrane units are smaller 
than other types of plants, like amine stripping plants, and therefore have relatively 
small footprints. A small footprint is important in environments such as offshore gas-
processing platforms. The lack of mechanical complexity in membrane systems is 
another advantage. Currently, gas separation membranes are most widely used in 
industry for [7]; 
 
i. Hydrogen separation, for example, hydrogen/nitrogen separation in 
ammonia plants and hydrogen/hydrocarbon separations in 
petrochemical applications 
ii. Separating nitrogen from air 
iii. CO2 and water removal from natural gas 
iv. Organic vapor removal from air or nitrogen streams 
 
Membranes in detail definition are defined as a thin semipermeable barrier 
that selectively separate some compounds from others [8]. This definition is 
necessarily broad because of the large variety of membrane materials separating an 
equally vast number of compounds in all phases. Applications include [8]; 
 
i. Ceramic membranes for gas purification in the semiconductor 
industry 
ii. Palladium-based metallic membranes for hydrogen extraction 
iii. Silicon rubber membranes for organic vapor recovery from air  
iv. Polyvinyl alcohol-based membranes for ethanol dehydration 
 
At the moment, the most widely used membrane materials for gas separation 
are polymers. They are attractive as membranes because they can be processed into 
hollow fibers with high surface areas. The relatively low cost of manufacturing the 
7 
 
fibers makes them of interest for large-scale industrial applications. Examples of 
such membranes are the MEDAL and PRISM membranes produced, respectively, by 
Air Liquide and Air Products for wide-ranging gas separation applications [7]. 
 
The membranes used for CO2 removal do not operate as filters, where small 
molecules are separated from larger ones through a medium with pores. Instead, they 
operate on the principle of solution-diffusion through a nonporous membrane. The 
CO2 first dissolves into the membrane and then diffuses through it. Because the 
membrane does not have pores, it does not separate on the basis of molecular size. 
Rather, it separates based on how well different compounds dissolve into the 
membrane and then diffuse through it  [8].  
 
Because carbon dioxide, hydrogen, helium, hydrogen sulfide, and water 
vapor, for example, permeate quickly, they are called “fast” gases. Carbon 
monoxide, nitrogen, methane, ethane and other hydrocarbons permeate less quickly 
and so are called “slow” gases. The membranes allow selective removal of fast gases 
from slow gases. For example, as CO2 is removed from a natural gas stream, water 
and H2S are removed at the same time; but methane, ethane, and higher 
hydrocarbons are removed at a much lower rate [8]. 
 
In membrane, gas transport through a non-porous polymeric membrane and it 
is known to follow the solution-diffusion mechanism. The gas first sorbs into the 
membrane on the high-pressure side, then diffuses across the membrane under a 
partial pressure driving force and finally desorbs from the low pressure side of the 
membrane. Therefore, gas permeability in the membrane is dependent both on the 
solubility of the gas in the polymer as well as its diffusion coefficient in the polymer.   
 
Gas solubility in polymers typically increases with an increase in gas 
condensability together with the absence of specific interactions between the gas 
molecules and polymer chains [9]. Differences in molecular size and/or gas 
condensability can result in different gas permeation rates through a polymer. 
Differential permeation rates result in an increase in the concentration of the faster 
permeating species on the downstream side of the membrane as compared to its 
concentration in the feed stream, thus effecting a separation of the gases in the 
mixture [9]. 
